Although many studies have tried to clarify the association between hepatitis C virus (HCV) infection and metabolic syndrome, few studies have comprehensively assessed their relationship stratified by different demographic characteristics. We aimed to investigate the correlation between metabolic syndrome and anti-HCV seropositivity in Taiwan. This study enrolled consecutive subjects who had received health check-up services at Taipei Veterans General Hospital from 2002 to 2009. Metabolic syndrome was diagnosed according to the criteria defined by the International Diabetes Federation Task Force on Epidemiology and Prevention. Among the 30616 subjects enrolled in this study, the prevalence of positive anti-HCV serology was 2.7%, and 28.8% were diagnosed with metabolic syndrome. By multivariate analysis, metabolic syndrome was associated with higher body mass index, older age, male sex, a higher level of alanine aminotransferase, gamma-glutamyltransferase, platelet count and the presence of fatty liver whereas anti-HCV seropositivity was not an independent variable for metabolic syndrome. Further stratifying the subjects by age and sex, and there was still no significant difference in HCV status between those with and without metabolic syndrome. Moreover, the stage of liver fibrosis represented by aspartate aminotransferase to platelet ratio index was also not correlated with metabolic syndrome in the subjects with anti-HCV seropositivity. In conclusion, although subjects with anti-HCV seropositivity had higher fasting glucose levels and lower cholesterol and triglyceride levels compared to those with negative anti-HCV test, anti-HCV seropositivity was not associated with metabolic syndrome based on the current diagnostic criteria irrespective of age, gender and the stage of hepatic fibrosis.
INTRODUCTION
The prevalence of hepatitis C virus (HCV) infection has been estimated to be 1.6% in the US and to ranges from 1.6 to 19.6% in Taiwan. 1,2 HCV infection may progress to cirrhosis and hepatocellular carcinoma (HCC), 3 and has been reported to cause several extra-hepatic manifestations including mixed cryoglobulinemia, non-Hodgkin lymphoma, thyroid diseases, sialoadenitis, porphyria cutanea tarda and lichen planus. 4 HCV has also been reported to induce metabolic disorders even in the absence of significant liver fibrosis. 5, 6 Insulin resistance is central to the metabolic syndrome, and the severity of obesity, serum levels of triglycerides (TG), and fasting glucose levels are included in the diagnostic criteria for metabolic syndrome. [7] [8] [9] Molecular studies have provided insights into mechanisms by which HCV infection affects glucose tolerance, and lipid metabolism has also been reported to be related with HCV infection. 10 The HCV life cycle is known to depend on lipid metabolism, especially in the stages of replication, assembly and release. 11 Moreover, HCV core protein has been reported to inhibit microsomal triglyceride transfer protein, which in turn reduces the secretion of very low density lipoprotein. 11, 12 A Taiwanese community study showed compatible results in that HCV infection was correlated with lower TG and cholesterol levels. 13 Moreover, obesity and diabetes mellitus have been proven to play an important role in the progression of chronic HCV infection to HCC. 14 Nevertheless, the Third National Health and Nutrition Examination Survey reported that HCV was not associated with metabolic syndrome, and a population based study also concluded that metabolic syndrome did not vary significantly by HCV status, while HCV infection with severe fibrosis of the liver was independently associated with metabolic syndrome in another study. [15] [16] [17] Although many studies have tried to clarify the association between HCV infection and metabolic syndrome, very few studies have comprehensively focused on the relationship between HCV and metabolic syndrome by demographic variables such as age, sex and surrogate markers of liver fibrosis. The present study aimed to investigate the correlation between these two diseases in a large-scale cohort in Taiwan.
MATERIAL AND METHODS

Study population
In total, 34,346 subjects received health check-up services provided by the internists in the Healthcare Center without hospitalization at the Taipei Veterans General Hospital from 2002 to 2009. 18 Those who had hepatitis B virus (HBV) infection and HBV/HCV dual infections were excluded, and the remaining 30,616 subjects were included in the final analysis ( Figure 1 ). All of them received complete clinical evaluations, laboratory examinations and abdominal sonography. Body mass index (BMI) was calculated as the body weight (in kilograms) divided by the square of body height (in meters). Blood pressure (BP) was measured after the subjects had been seated for more than 5 min. The means of three consecutive readings were recorded as systolic and diastolic BP with a difference in systolic BP < 10 mmHg. Three of the following five abnormal findings were required for a diagnosis of metabolic syndrome according to the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention: 8 • Elevated waist circumference (WC, men ≥ 90 cm or women ≥ 80 cm).
• TG ≥ 150 mg/dL.
• Low high-density lipoprotein-cholesterol (HDL) (men < 40 mg/dL or women < 50 mg/dL).
• Systolic BP ≥ 130 mmHg and/or diastolic BP ≥ 85 mmHg; and • Fasting glucose ≥ 100 mg/dL.
Aspartate aminotransferase (AST) to platelet ratio index (APRI) was calculated as:
To represent the liver fibrosis. 19 An APRI value of more than 0.7 represented significant fibrosis, and more than 1 represented severe fibrosis or cirrhosis. 20 Ultrasonography with Aloka SSD 4000, 5000 and Philips HD15 was used to diagnose fatty liver by the practice guideline of the American Gastroenterological Association. 21 This study followed the standards of the Declaration of Helsinki and was approved by the Institutional Review Board of Taipei Veterans General Hospital. As the dataset used in this study consisted of de-identified data from a retrospective cohort, the requirement for written informed consent was waived.
Biochemical and serological markers
Venous blood samples were collected after an overnight fast. A radioimmunoassay (Abbott Laboratories, North Chicago, IL, USA) was used to test for serum HBV surface antigen (HBsAg), and a second-generation enzyme immunoassay (Abbott Laboratories) was used to test for antibodies to HCV (anti-HCV). The serum biochemical markers were measured with a Roche/Hitachi Modular Analytics System (Roche Diagnostics GmbH, Mannheim, Germany).
Statistical analysis
The study cohort was first stratified by anti-HCV seropositivity and metabolic syndrome, and then further by age and sex. Pearson chi-squared and Student t-test analysis was performed to compare categorical and continuous variables with two samples, respectively. Variables with a P value < 0.1 in univariate analysis were included into multivariate analysis using a logistic regression model with the forward stepwise selection procedure. A P value < 0.05 was considered to be statistically significant.
RESULTS
Subject characteristics stratified by anti-HCV seropositivity
The demographic data of all subjects are summarized in table 1. The mean age of the whole population was 52.4 years, with a male prevalence rate of 53.8%. Metabolic syndrome was diagnosed in 28.8% of the whole population. Patients with anti-HCV were older in age and more predominantly female, with higher serum alanine aminotransferase (ALT), AST, gamma-glutamyltransferase (GGT), and higher fasting glucose levels, higher systolic and diastolic BP, and lower cholesterol, HDL, low-density lipoprotein (LDL), TG levels, and lower platelet count, and a lower rate of fatty liver. APRI, a noninvasive serum marker for the stage of hepatic fibrosis, was significantly higher in the patients with anti-HCV, and more significant and severe fibrosis was also found in the HCV patients. However, the rates of metabolic syndrome were comparable between the HCV and non-HCV groups (29.4 vs. 28.7%, p = 0.669) ( Figure 2A ).
Subject characteristics stratified by metabolic syndrome
As shown in table 2, the subjects with metabolic syndrome were older in age, more male, with higher BMI, larger WC, higher systolic and diastolic BP, higher serum cholesterol, LDL, TG, ALT, AST, GGT, fasting glucose levels, and a higher rate of fatty liver but lower platelet count and serum HDL level compared to those without metabolic syndrome (all P < 0.001) The prevalence of anti-HCV positivity was similar among patients with and without metabolic syndrome. Multivariate analysis showed that higher BMI, older age, male sex, a higher level of ALT, GGT, platelet count and the presence of fatty liver were independent variables associated with metabolic syndrome (Table 3) .
The significant hepatic fibrosis represented by the surrogate marker, APRI, was not associated with metabolic syndrome as shown in figure 2B . Subgroup analysis also showed that the significant fibrosis defined as APRI > 0.7 was not correlated with metabolic syndrome irrespective of age or gender. 
Correlation of anti-HCV and metabolic syndrome stratified by age, sex, and stage of hepatic fibrosis
Subsequently, we further assessed the association of anti-HCV seropositivity with metabolic syndrome stratified by age, gender and the stage of hepatic fibrosis. The results showed that metabolic factors, but not positive anti-HCV, were associated with metabolic syndrome whether the patients were over or under the age of 50 years ( Figure 2A and Table 3 ). Similarly, for male subjects, the prevalence rates of metabolic syndrome were comparable between those with and without positive anti-HCV serology. For the female subjects, although those with HCV antibody had a higher rate of metabolic syndrome than those without HCV antibody in univariate analysis, anti-HCV seropositivity had insignificant difference between patients with or without metabolic syndrome in multivariate analysis.
Factors associated with metabolic syndrome in patients with positive HCV antibody
Patients with positive anti-HCV serology were further selected to analyze the association of metabolic syndrome and other factors. The prevalence of metabolic syndrome in those with anti-HCV seropositivity was 29.4%. The results showed that the patients with anti-HCV seropositivity with metabolic syndrome were older in age, more predominantly male, with higher BMI, larger WC, higher systolic and diastolic BP, and higher serum LDL, TG, ALT, AST, GGT, fasting glucose levels, and a higher rate of fatty liver, but lower platelet count and HDL (Table 4 ). The average APRI was slightly higher in the patients with metabolic syndrome, although this difference did not reach statistical significance. In addition, there was no difference in significant and severe fibrosis, represented by APRI ≥ 0.7 and ≥ 1, respectively, between the patients with and without metabolic syndrome.
After stratifying the patients by gender, the P values of metabolic syndrome between APRI ≥ 0.7 and < 0.7 in men and women were 0.801 and 0.593, respectively. In age stratification, there was no difference in metabolic syndrome by APRI value between the patients aged over or less than 50 years ( Figure 2C ).
DISCUSSION
HCV has been proven to induce insulin resistance by many molecular pathways, such as activation of proteasome activator 28 γ and upregulation of protein phosphatase 2A. 10, 22 Insulin resistance is also considered as the main pathogenic factor in the development of other features of metabolic syndrome carrying a cardiovascular risk. 7 However, the association between HCV infection, hepatic fibrosis and metabolic syndrome is still unclear. 16 In the present study, we observed no significant association between anti-HCV seropositivity and metabolic syndrome, although HCV was related with some metabolic derangements such as higher fasting glucose levels and lower cholesterol and TG levels. Moreover, the stage of hepatic fibrosis represented by APRI was also unrelated to metabolic syndrome.
The prevalence of serum anti-HCV in the United States has been reported to be 1.6%, with 85% of those cases having HCV viremia, while the seroprevalence rate of HCV antibodies in Taiwan has been re- ported to range from 1.6 to 19.6% depending on the area. 1,2 The prevalence of anti-HCV in the present study was 2.7%, which is compatible with the previous studies. Lipid metabolism is crucial in the production of HCV particles, especially in the stages of replication and assembly. 11, 23 Perlemuter, et al.
showed that HCV has the ability to influence lipid metabolism by inhibiting microsomal TG transfer protein activity and very low-density lipoprotein secretion from the liver, thereby reducing levels of serum TG. 12 One population-based study from Taiwan also demonstrated that patients with HCV viremia have significantly lower serum cholesterol and triglyceride levels. 13 In the current cohort composed of healthy subjects receiving health check-up services, lower levels of cholesterol and TG in the subjects with anti-HCV seropositivity were also observed. The prevalence of metabolic syndrome in the USA has been reported to be 27% in those aged more than 25 years, 24 and approximately 12% between 1999 and 2002 in Taiwan. 17 However, the prevalence of metabolic syndrome was much higher in the current study (28%), which may be due to westernization of diet, greater awareness of the syndrome, or higher socioeconomic status of the subjects.
HCV is known to affect glucose homeostasis by inducing insulin resistance even in the absence of significant liver fibrosis, 5 and the fasting glucose levels in the current study were actually higher in the HCV patients. In addition, insulin resistance is known to play a major role in metabolic syndrome. 7 Nevertheless, the association between HCV infection and metabolic syndrome is still controversial. Lonardo, et al. suggested the condition that HCV patients suffer from insulin resistance but are spared from metabolic syndrome may be related with the current diagnostic criteria of metabolic syndrome even though both diseases (HCV infection and metabolic syndrome) are correlated with insulin resistance. 25 The results from the NHANES III study also showed that the prevalence of metabolic syndrome did not vary by HCV status. 16 In the current study, the prevalence of metabolic syndrome did not significantly differ by the presence of HCV antibody, and the prevalence of antibody to HCV did not significantly vary by the presence of metabolic syndrome (Tables 1 and 2 ). After stratification by age and gender, the association between anti-HCV seropositivity and metabolic syndrome was still insignificant (Figure 2 ). Liver biopsy is still the gold standard for the assessment of liver histology, however it carries the risks of complications and sampling errors. 26, 27 Accordingly, APRI was developed to evaluate the severity of fibrosis in HCV patients. 19 In stratification by HCV status in the current study, the results showed that the APRI value did not vary significantly by the status of metabolic syndrome, and that significant and severe fibrosis was not associated with metabolic syndrome in the patients with positive anti-HCV.
The strengths of this study are the large sample size and detailed biochemistry data. However, there are several limitations. First, the study population had a higher socioeconomic status and could afford the expense of a physical check-up so the results may not represent the general population. Besides, the result can only apply to the set of infected individuals who are asymptomatic, and thus it may not represent the group of symptomatic or already diagnosed patients. This group may be smaller in number, but represent what we are seeing in our clinics. Second, the dataset did not document medication uses. Nevertheless drug-induced liver injury is rare both in Taiwan and in Western countries, with an incidence of only 14 cases per 100,000 inhabitants per year in a population-based prospective study. 28, 29 This suggests that taking medication may have had little influence on the results. Third, the gold standard for the assessment of liver histology is liver biopsy. However, the invasiveness of that procedure is not justified for surveillance in the general population. Therefore, we used the APRI to represent the severity of liver fibrosis. Fourth, our study is cross-sectional, so the prognosis of the population was unattainable. Fifth, a second generation enzyme immunoassay was utilized to test the antibody of HCV, and the proportion of false-positive results would be high in a population with anti-HCV prevalence lower than 10% even though the test carried specificity near 99%. 30, 31 Furthermore, the lack of HCV RNA impeded the distinction whether patients had spontaneous resolution or were chronically infected of HCV. HCV genotypes were not tested in the study as well. These limitations led to difficulty in further analysis with regard to these viral factors.
CONCLUSION
In conclusion, although subjects with anti-HCV had higher fasting glucose levels and lower cholesterol and TG levels compared to those without anti-HCV, anti-HCV seropositivity was not associated with metabolic syndrome based on the current diagnostic criteria irrespective of age, gender and the stage of hepatic fibrosis.
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